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Abstract 10 
Mangroves are critical fish and invertebrate habitats, however, identifying to what degree 11 
species are affiliated to mangrove systems remains challenging. Here we outline and apply 12 
two quantitative and one qualitative method for assessing the degree of mangrove affiliation 13 
globally at a species level, based on habitat-specific fish and invertebrate species densities 14 
extracted from an exhaustive search of the literature, for mangroves and their associated 15 
coastal habitats. We assessed all 121 species for which we had  7 mangrove records and 16 
where data allowed, quantified the percentage contribution of mangroves to the summed 17 
species density across all habitats. We set the threshold for identifying a species as ‘highly 18 
mangrove-affiliated’ as  70% relative density, and examined its validity by subjecting a 19 
subset of species either side of the threshold to a thorough review of evidence for mangrove 20 
affiliation in the peer reviewed literature. We found that 53 were highly mangrove-affiliated, 21 
including 24 fish and three invertebrate species from the Atlantic East Pacific, and nine fish 22 
and 15 invertebrate species from the Indo West Pacific (n=2 had global distributions). 36 of 23 
the 53 species are of value to artisanal, subsistence or commercial fisheries; 21 in the Atlantic 24 
East Pacific, and 13 in the Indo West Pacific. While this list of highly mangrove-affiliated 25 
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species is far from complete due to data limitations, it represents the first attempt to 26 
undertake a global overview of highly mangrove-affiliated species, and a proof of concept for 27 
a quantitative and objective method of assessment. 28 
 29 
Introduction 30 
Mangroves provide a nutrient rich and highly structured habitat which dominates many 31 
tropical and subtropical estuaries and coastlines. The habitat complexity provided by 32 
mangrove forests support increased biodiversity (Gratwicke and Speight 2005) and 33 
contributes significant productivity into the systems in which they are found (see Hutchison 34 
et al. 2014 for a review). They are also a highly threatened habitat, suffering continuing high 35 
rates of loss globally (Polidoro et al. 2010).  36 
Mangroves provide a wide range of critically important ecosystem services, including 37 
shoreline protection, carbon sequestration, water quality regulation and wood provision 38 
(UNEP-WCMC 2005), as well as fish production. Mangroves support fish production, in 39 
particular through their role as a nursery habitat (Igulu et al. 2014), both through providing 40 
juveniles with shelter from predation (Rönnbäck et al. 1999, Laegdsgaard and Johnson 2001) 41 
and through increased food abundance (Dittel et al. 1997, Cocheret de la Moriniére et al. 42 
2003).   43 
 The importance of mangroves in supporting commercial fish catch has been quantified or 44 
inferred in several systems (Manson et al. 2005a, Aburto-Oropeza et al. 2008, Carrasquilla-45 
Henao and Juanes 2016). Nevertheless, the degree to which fish and invertebrate species are 46 
reliant on mangrove habitats as opposed to the associated estuarine and coastal habitats 47 
remains poorly resolved (Lee 2004). Furthermore, the degree to which mangroves increase 48 
growth of individuals varies with the habitat setting of the mangrove (Faunce and Serafy 49 
2008a).  The inability to disentangle the association between fish and mangroves from other 50 
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associated habitats, such as seagrasses (Nagelkerken et al. 2001) or indeed the estuaries 51 
themselves (Lee 2004, Manson et al. 2005b) has contributed to a number of unsubstantiated 52 
claims about the importance of mangroves to fisheries (Sheaves 2017).  53 
There have been many efforts to quantify the association between individual fish and 54 
invertebrate species and mangroves, but quantification of the magnitude of this effect is 55 
largely missing (exceptions include Pantallano et al. 2018). An understanding of whether or 56 
not mangroves are important during any single life history stage of a species, and indeed 57 
which species this may be the case for, is critical in moving forward the debate regarding the 58 
role of mangroves as fish habitat, and for quantifying the contribution of the nursery function 59 
of mangroves to fish catches. Previous efforts to quantify mangrove dependency (sic.) have 60 
relied on comparing the abundance of species in the presence or absence of mangroves 61 
(Nagelkerken et al. 2001, Pantallano et al. 2018). Such efforts represent a valuable 62 
contribution to research into mangroves as fish habitat, but there are a limited number of 63 
locations where such a paired presence/absence of mangroves can be applied and hence there 64 
is a need to develop alternative methods to determine the importance of mangrove habitats to 65 
fish and invertebrate species.  66 
Here we present a method for quantifying the degree to which species in mangrove regions 67 
are affiliated with mangrove habitats during their juvenile life stage (fish) or throughout their 68 
lives (resident molluscs and decapods), using a global dataset. We assess the threshold of 69 
relative abundance above which there is strong evidence of a high degree of mangrove 70 
affiliation. “Highly mangrove-affiliated species” include species which are fully mangrove 71 
dependent (i.e. do not typically occur in any other habitat) as well as species that are 72 
consistently found as juveniles at highest densities in mangrove habitats where that option is 73 
present (but may use alternative habitats where mangroves are absent). The methodology 74 
outlined does not consider all life history stages for fish and non-resident invertebrates and 75 
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therefore does not imply a sole dependence on mangrove habitats. Indeed we acknowledge 76 
the importance of a range of accessible near shore habitats for ontogenetic shifts in some 77 
species, which are not captured in this methodology (e.g. Nagelkerken et al. 2000).  78 
 79 
Methods 80 
A large-scale review of the published literature was undertaken to identify studies containing 81 
quantitative, habitat specific, fish and invertebrate densities from mangrove regions of the 82 
world. Mangrove regions were identified using the global map of mangrove forests produced 83 
by Giri et al. (2011). A database of fish and invertebrate densities derived from 263 84 
publications was compiled, yielding 13,414 species records with a broad geographic spread 85 
(Figure 1). Densities represented a variety of shallow coastal habitats, including mangrove, 86 
mud flat, sand, seagrass, saltmarsh, macroalgal beds, oyster, rocky, coral reef, and open 87 
water. Mangrove data were selected so as to represent the mangrove habitat as opposed to the 88 
broader system. While a small number of studies (n=13) included sampling 5-50m from the 89 
mangrove edge, the vast majority represented in-mangrove sampling or sampling within 5m 90 
of the mangrove fringe. We included sampling 5-50m from the fringe in situations where 91 
mangrove creeks and small estuaries were sampled and mangrove was the dominant habitat 92 
type. While the dataset was dominated by in-mangrove sampling, we deemed that it was 93 
appropriate to include these near-mangrove studies, as some species associated with 94 
mangroves are known to have similarly sized home ranges (Dorenbosch et al. 2004, Verweij 95 
et al. 2007). If insufficient detail was provided within the publication to determine the exact 96 
location of sampling, we deferred to the judgement of the authors, i.e. including sampling the 97 
authors explicitly stated as being from mangrove areas. In order to standardise the dataset, 98 
sampling methodologies which are commonly known to have low catch efficiencies such as 99 
vessel-operated trawls, block nets and fyke nets were excluded from the database. Methods 100 
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that were included covered visual transects, throw and drop traps, seine, lift nets, and 101 
quadrats. The resulting database contained species-specific densities by habitat, standardised 102 
to individuals 100 m-2.  103 
As mangrove areas are primarily viewed as being critically important for fish and 104 
invertebrate species during early life history stages (Igulu et al. 2014) and because 105 
ontogenetic shifts are commonly known to occur in mangrove-affiliated species (Serafy et al. 106 
2015), we further cleaned the dataset to, as far as possible, represent only juvenile 107 
individuals. This allowed for assessment of the degree of mangrove affiliation during the life 108 
history stage when the mobile species are most likely to be critically associated with 109 
mangrove. The dataset was limited to representing juvenile individuals either through the 110 
inclusion of sampling methodologies known to be heavily biased towards small individuals, 111 
or by extracting the mangrove-affiliated juvenile size classes where size classes were 112 
provided. All size classes were included for resident mangrove invertebrate species such as 113 
mangrove cockle, Anadara tuberculosa, and mangrove crabs (e.g. Scylla serrata, Ucides spp. 114 
and Uca spp.). Sampling for these species is highly specific and there is significant evidence 115 
of their reliance on and residence in mangroves throughout most of their life history (Diele 116 
2000, Mackenzie 2001). As such, it was deemed appropriate to include the densities of these 117 
species across multiple size classes. 118 
Only species represented seven or more times in mangrove in the database were included in 119 
order to ensure that there was adequate information available to make a globally relevant 120 
assessment. Of the 1389 species recorded in mangroves, 121 fulfilled the criteria of  7 121 
samples (SOM1). Of the 121 species, 39 were native to the Indo-West Pacific (IWP), 78 to 122 
the Atlantic East Pacific (AEP) and four had a global distribution. While previous studies 123 
have confidently inferred species association with mangrove habitats based on the total 124 
absence of a species in the absence of mangroves (e.g. Pantallano et al. 2018), assessing the 125 
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strength of affiliation to mangrove habitat specifically (as opposed to across a landscape of 126 
habitats) requires that a lower threshold of association be set. This is because even species 127 
which are documented to be highly mangrove associated (e.g. Monodactylus argenteus) 128 
typically move around within the estuarine or coastal landscape and may therefore 129 
occasionally be sampled in nearby alternative habitats (Lugendo et al. 2005). 130 
Three methods were applied in turn to the final fish and invertebrate density dataset (Figure 131 
2). In the first method, the dataset was filtered to represent only studies where mangroves 132 
were sampled alongside at least one other habitat (i.e. paired habitat studies). Species 133 
represented by at least three paired habitat samples in this dataset were then assessed for their 134 
degree of mangrove affiliation using equation 1. Species were considered highly mangrove-135 
affiliated if their mean density in mangroves represented ≥70% of their mean density 136 
summed across all habitats represented (following the Dorenbosch et al. (2005) approach of 137 
calculating habitat association). The second method was applied to all species with three or 138 
more records from non-mangrove habitats (no pairing necessary with the 7 mangrove 139 
samples), represented in at least two independent studies. Again equation 1 was applied and 140 
70% was considered the threshold above which species can be considered highly mangrove-141 
affiliated. The third method sought to encompass all species which had sufficient records in 142 
mangrove areas, but not sampled frequently enough in non-mangrove areas to reliably apply 143 
either of the first two methods (SOM 2). In these cases a literature review of all qualifying 144 
species was undertaken to assess the apparent degree of mangrove affiliation. Searches were 145 
initially undertaken on Scopus using the scientific species name and “mangrove”.  If fewer 146 
than five relevant results were returned, the same search was undertaken on Google Scholar. 147 
Species were considered highly mangrove-affiliated if there were a minimum of four studies 148 
supporting near exclusive use of mangrove habitats with no studies refuting this assertion, or 149 
if there were more than ten studies supporting near exclusive use of mangrove habitats and 150 
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only one suggesting other habitats were preferred. Searches were undertaken in November 151 
2016. Species scoring 60-70% in methods one and two were also assessed by method three in 152 
order to determine whether 70% was a defensible threshold for concluding a species was 153 
mangrove-affiliated (SOM 3). 154 
 155 
Equation 1: 156 
𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑚𝑎𝑛𝑔𝑟𝑜𝑣𝑒 𝑎𝑓𝑓𝑖𝑙𝑖𝑎𝑡𝑖𝑜𝑛 (%)157 
= (
𝑚𝑒𝑎𝑛 𝑚𝑎𝑛𝑔𝑟𝑜𝑣𝑒 𝑓𝑖𝑠ℎ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 ℎ𝑎𝑏𝑖𝑡𝑎𝑡 𝑓𝑖𝑠ℎ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑚𝑒𝑎𝑛𝑠
) × 100 158 
 159 
Confirmation of the resulting species level mangrove affiliations was sought both internally, 160 
by comparing methods, and externally, by seeking expert validation. Firstly, the degree of 161 
mangrove affiliation derived by the first and second method was compared for all relevant 162 
species. Where the assessments from the first and second methods disagreed (i.e. one 163 
assessment found ≥70% mangrove affiliation and the other <70%), a further literature review 164 
(method three) was undertaken to determine which assessment had greater support. Finally, 165 
the summary of species assessments by all three methods was sent to a panel of nine 166 
mangrove fish ecologists with an average 13 years experience sampling in mangroves and 167 
representing field experience in the major mangrove regions of the world (excluding West 168 
Africa). The experts were asked to propose species they believed to be mangrove affiliated 169 
from their region and to confirm whether the assessments reflected their experience in 170 
mangrove and other near shore habitats. Species flagged by one or more experts were again 171 
subjected to literature review and in the absence of overwhelming evidence, the species was 172 
considered not to be highly mangrove-affiliated (n=1). 173 
Species profiles were compiled for the species found to be highly mangrove-affiliated. 174 
Species ranges were assigned to the Indo West Pacific (IWP) or the Atlantic East Pacific 175 
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(AEP), sensu Alongi (2002), or global distribution. The functional group of each species was 176 
determined from FishBase (for fin-fish) or SealifeBase (for invertebrates), and species were 177 
assigned omnivore, detritivore, piscivore, invertivore, herbivore, or planktivore feeding 178 
groups, respectively. Where the databases provided insufficient information, primary 179 
literature was searched using Google Scholar (n=5/121). Finally, we searched the IUCN Red 180 
List for species status. 181 
Results 182 
Of the 121 species assessed by at least one of the three methods (SOM1), 53 were found to be 183 
highly mangrove-affiliated (Table 1). These include 24 fish and three invertebrate species 184 
from the AEP region, and nine fish and 15 invertebrate species from the IWP. The remaining 185 
two highly mangrove-affiliated fish species had global distributions. The highly mangrove-186 
affiliated species represented 35% and 62% of the species assessed in the AEP (total = 78) 187 
and the IWP (total = 39) regions, respectively.  188 
Thirty-seven species were well enough represented in paired studies to be assessed by 189 
method one. Of the 37 species confirmed by method one, 31 were found to produce the same 190 
result where method two (using all data) was applied. Of the six species which produced 191 
conflicting results between method one and method two, five were confirmed by literature 192 
review to be highly mangrove-affiliated (method three). Thirty-nine species were assessed by 193 
method two alone, while 45 species were represented in the databased by mangrove records 194 
alone, or with insufficient numbers of records from other habitats, and therefore underwent a 195 
literature review (method three) in order to determine the degree of mangrove affiliation.  196 
Four species scored ≥60% and <70% mean relative density in mangrove habitats using 197 
method one, of which one (Mulloidichthys martinicus), was already included as highly 198 
mangrove-affiliated through method two, and confirmed by method three. The remaining 199 
three species were subjected to a literature review and found not to be highly mangrove-200 
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affiliated (SOM 3). Eight species scored ≥60% and <70% mean relative density in mangrove 201 
habitats using method two, of which two had already been found not to be highly mangrove-202 
affiliated in the assessment from method one. The remaining six were assessed by method 203 
three, of which five were not associated with mangrove habitats, and one (Chloroscombrus 204 
chrysurus) was found to have insufficient data to draw a conclusion (SOM3). 205 
With all but one exception (Abudefduf saxatilis), the expert review agreed with the inclusion 206 
of the identified species as being highly mangrove-affiliated (See SOM1). Expert opinion, 207 
however, identified a further 61 species which they believe to be mangrove-affiliated, but 208 
which failed to be represented in our dataset due to a lack of data (SOM4). 209 
The mangrove-affiliated species include species from all major feeding groups including 210 
piscivores, invertivores, herbivores, planktivores and detritvores (Table 1). The families 211 
Haemulidae and Gerreidae (AEP), and Lutjanidae (AEP and IWP) were well-represented in 212 
terms of number of highly mangrove-affiliated species, while for invertebrates this was the 213 
case for terrestrial crabs (AEP and IWP), and shrimp and gastropods (IWP). 214 
Of the 53 species identified, 36 species are harvested in artisanal, subsistence or commercial 215 
fisheries, 21 in the AEP, and 13 in the IWP.  While a significant number of the species were 216 
not assessed in the IUCN species Red list (n=20, n=1 data deficient), three of the fish species 217 
from the AEP are currently listed as Near Threatened, while one, Lutjanus cyanopterus, is 218 
listed as Vulnerable (Table 1).  219 
Discussion 220 
We present here a quantitative method for assessing the degree of mangrove habitat 221 
affiliation of juvenile fish and invertebrate species in mangrove regions of the world. 222 
Furthermore, we propose a threshold relative density, above which there is strong and 223 
consistent evidence that species are highly mangrove-affiliated. While the dataset was 224 
restricted to species which were found in mangroves seven or more times, it is nevertheless 225 
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notable that 44% of the species which were well enough represented to include in the 226 
assessment, were identified as highly mangrove-affiliated. The resulting list represents an 227 
important starting point for understanding the importance of mangrove habitats to individual 228 
species at a global scale.  229 
Where the quantitative methodology (Eq. 1) was applied it appeared to function well. Only 230 
one species identified as highly mangrove-affiliated was deemed not to be following expert 231 
review and confirmation in the literature. Furthermore, of six species (out of 37) returning 232 
different assessments of mangrove affiliation from method one and method two, only one 233 
species was found not to be highly mangrove-affiliated following a thorough literature 234 
review. This implies that if either method determines that ≥70% of the total density of 235 
individuals is found in mangroves, that species is likely to be highly mangrove-affiliated. 236 
Using a single method alone may result in false negatives, and produce a conservative 237 
assessment of highly mangrove-affiliated species. Methods one and two are fully quantitative 238 
and, where data are available, provide a less intensive and more transparent method for 239 
assessing mangrove habitat affiliation than relying on species specific literature alone. 240 
The application of a 70% threshold in determining when a species is highly mangrove-241 
affiliated performed well. All species which had been identified by both method one and two 242 
as being ≥60% and <70% affiliated, were confirmed not to be highly mangrove-affiliated 243 
following a literature review (SOM 3). This suggests that where on average 70% of 244 
individuals are found in mangroves as opposed to other associated habitats, this is strongly 245 
indicative of consistent affiliation to mangrove habitats. 246 
Our efforts to create a standardised dataset of mangrove fish and invertebrate densities 247 
highlight the exceptional species diversity present in these regions, with 1389 species 248 
recorded in total in our mangrove dataset, while also shedding light on the lack of 249 
quantitative data from mangrove habitats, in particular in Western Africa (Figure 1). The lack 250 
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of data resulted in only 121 of the 1389 species recorded in mangroves being assessed, due to 251 
the remaining 1268 being represented by fewer than seven mangrove records. Furthermore, 252 
of the 121 species, 45 were represented in too few non-mangrove near shore habitats to allow 253 
for methods one or two and were therefore assessed by literature review (method three) 254 
alone. While we are confident that the methodology applied to the assessment of the literature 255 
was robust and undertaken with a strict rules-based approach, this is inevitably less 256 
quantitative and considerably more time consuming. Of the 45 species assessed by method 257 
three alone, 23 (51%) were found to be highly mangrove-affiliated (SOM1). 258 
The lack of quantitative fish and invertebrate data from mangrove regions has inevitably 259 
resulted in a great many highly mangrove-affiliated species being omitted. In particular we 260 
note that the current analysis should not be considered relevant in Western Africa due to a 261 
near complete dearth of data. The lack of data from many mangrove regions is why we 262 
emphasise that the species listed in Table 1 should be considered a starting point and a proof 263 
of concept for the approach used. This is further highlighted by the large number of 264 
potentially mangrove-affiliated species identified by mangrove fish experts (SOM 4) which 265 
had not been included in the assessment due to a lack of data (SOM 4).  266 
While we believe the approach proposed here provides useful insight into the degree of 267 
mangrove affiliation of fish as juveniles and molluscs and decapod species throughout their 268 
life history at a large spatial scale, it should be noted that local-scale factors are clearly 269 
important in determining the degree of mangrove habitat affiliation in any given location. For 270 
example, linkages to other nearby habitats can result in enhanced densities of species with 271 
ontogenetic habitat shifts (Nagelkerken et al. 2001), or seasonality can determine the degree 272 
of mangrove affiliation (Faunce and Serafy 2008b). There are species included by our 273 
assessment as highly mangrove-affiliated, e.g. Sphyraena barracuda, which are highly 274 
mobile and able to associate with other habitats in the absence of mangroves. We 275 
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nevertheless believe that our assessment has correctly identified S. barracuda  as strongly-276 
mangrove affiliated. It has previously been noted that juvenile S. barracuda show a 277 
preference for mangrove habitats where they are present (De Sylva 1963, Nagelkerken et al. 278 
2000), and there is evidence of the direct benefit this species derives from association with 279 
mangroves through shelter and increased prey density, particularly during their early life 280 
stage (De Sylva 1963, Blaber 1982). Nevertheless, the inclusion of this species also 281 
highlights the fact that being strongly mangrove-associated is not equivalent to complete 282 
dependence on the habitat. Similarily we emphasise that not all species which benefit from 283 
the presence of mangrove habitats would be identified as strongly mangrove-affiliated. 284 
Despite species from the AEP having greater representation in the final dataset than species 285 
from the IWP (78 in AEP vs 39 in IWP), similar numbers of species were found to be highly 286 
affiliated with mangroves in both regions (27 and 24 species respectively). A meta-analysis 287 
by Igulu et al. (2014) found that juvenile fish densities were higher in mangroves than in 288 
seagrasses and coral reefs in the Caribbean, relative to the IWP. The authors postulated that 289 
differences in salinity and tidal amplitude between the regions were the likely driver. While 290 
the studies are not directly comparable as we focussed only on the relative mangrove 291 
densities in this study, our findings appear to contradict those of Igulu et al. (2014), as we 292 
find that a greater proportion of fish species were highly mangrove-affiliated (as opposed to 293 
affiliated to other habitats including seagrasses) in the IWP relative to the AEP (24 of 75 294 
AEP, 9 of 21 IWP). Invertebrates included in the database were overwhelmingly found to be 295 
highly mangrove-affiliated in both regions (3 of 3 in the AEP and 15 of 18 in the IWP). 296 
In many mangrove regions of the world, fishing remains an important source of employment 297 
in local communities, predominantly through subsistence or artisanal harvest, as commercial 298 
harvests tend to take place further offshore (Hutchison et al. 2014). Thirty-seven of our 53 299 
highly mangrove-affiliated species are harvested, highlighting the importance of mangrove 300 
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habitats in not just altering fish communities, but also in contributing to fisheries catches, 301 
both in mangrove areas and off shore. Invertebrate fisheries can be locally particularly 302 
important in mangroves (e.g. Kosuge 2001, Capistrano and Lopes 2012). All three of the 303 
highly mangrove-affiliated invertebrate species in the AEP are important artisanally 304 
harvested species where they are found. Ucides cordatus for example, is a critical artisanal 305 
fishery in mangrove areas of Brazil, with annual landings (1997-2003) of 1200 tonnes from 306 
the Caeté Estuary in Pará alone (Diele et al. 2005), while about 15,000 artisanal fishers 307 
engage in mangrove cockle (Anadara spp.) collection throughout their Central and South 308 
American range (Mackenzie 2001). In contrast, only five of the 15 highly mangrove-309 
affiliated invertebrate species in the IWP are harvested. This, however, includes three 310 
commercially valuable penaeid shrimps (Fenneropenaeus indicus, F. merguiensis and 311 
Penaeus monodon).  As an indication of value of these fisheries, the shrimp fishery 312 
(primarily F. merguiensis) in Bintuni Bay, Indonesia alone is worth over US $6 million 313 
annually (Ruitenbeek 1994). The fish species identified as highly mangrove-affiliated 314 
similarly represent a large number of harvested species many of which are also important. 315 
Eleven of the 29 highly mangrove-affiliated fish species belong to the snapper family 316 
(Lutjanidae), which is artisanally, as well as commercially and recreationally important. This 317 
group also represents two near threatened and one species vulnerable to extinction, as 318 
assessed in the IUCN red list. 319 
Quantifying and communicating the contribution of mangrove habitats to society may play a 320 
key role in combating their continued conversion. Numerous studies have highlighted the 321 
data deficiencies in understanding the value of mangroves, and how these values vary across 322 
geographies (Hutchinson et al. 2015, Himes-Cornell et al. 2018). While supporting fish and 323 
invertebrate production is well understood to be a critical ecosystem service provided by 324 
mangroves, the degree to which individual species rely on mangrove habitats remains 325 
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significantly debated (Sheaves 2017). We acknowledge that our list of highly mangrove-326 
affiliated species is far from complete, but it provides one approach to quantifying the 327 
importance of mangroves to fish communities and associated fisheries. The method presented 328 
here can be expanded by expanding the dataset to include grey literature not touched on in 329 
this effort, as well as the growing data on mangrove fish and invertebrate densities in the 330 
future, to allow for an efficient process of determining which species are highly mangrove-331 
affiliated.   332 
 333 
Supplementary material  334 
SOM1: The 121 species and number of each type of habitat represented in the dataset. 335 
Method applied in each case can also be listed, and relevant references? 336 
SOM2: Table detailing all species which relied on literature review, reason (i.e. method three 337 
applied, method one and two disagreed, expert disagreement), supporting references, 338 
summary sentence 339 
 SOM 3: Species with ≥60% and <70% mean density in mangrove habitats from either 340 
method one or method two.  341 
SOM 4: Species identified by experts as likely to be highly mangrove-affiliated, but which 342 
had insufficient records for assessment. These species have not been quantitatively confirmed 343 
to be highly mangrove-affiliated. 344 
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Tables  463 
Table 1 List of the 53 species assessed as highly mangrove-affiliated (70% of total 464 
abundance). Range classed as either Atlantic East Pacific (AEP) or Indo West Pacific (IWP). 465 
Feeding groups classed as: piscivore (P), invertivore (I), herbivore (H), detritivore (D), 466 
planktivore (Pl), or omnivore (O). Species which are known to be targeted by artisanal and 467 
subsistence fisheries are noted as harvested. IUCN status given in brackets with species name 468 
if classed as Near Threatened (NT) or Vulnerable (VU); all other species were not assessed, 469 
least concern, or data deficient. Habitat association is noted if the species is benthic or 470 
terrestrial. All other species have neritic and/or pelagic lifestyles. 471 
Range Group Species  
(IUCN status) 
Feeding 
group 
Habitat 
association 
Harvested 
species 
AEP Fish Achirus lineatus P I   
  Caranx latus P I  yes 
  Centropomus undecimalis P I  yes 
  Cetengraulis edentulus  Pl  yes 
  Chaetodipterus faber O (Pl I D)  yes 
  Chaetodon capistratus I   
  Diapterus auratus O (H D I) neritic/benthic yes 
  Eucinostomus currani O (H I D)   
  Gerres cinereus I  yes 
  Haemulon flavolineatum I  yes 
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  Haemulon parra P I   
  Haemulon sciurus P I  yes 
  Lophogobius cyprinoides O (H I) benthic / neritic  
  Lutjanus analis (NT) P I  yes 
  Lutjanus apodus P I  yes 
  Lutjanus cyanopterus (VU) P I  yes 
  Lutjanus fulviflamma P I  yes 
  Lutjanus griseus O (P I Pl)  yes 
  Lutjanus jocu P I  yes 
  Lutjanus synagris (NT) P I  yes 
  Mulloidichthys martinicus I benthic / neritic yes 
  Scarus guacamaia (NT) H  yes 
  Sparisoma rubripinne H  yes 
  Stegastes leucostictus O (I Pl) benthic/neritic  
  Anadara tuberculosa D benthic yes 
 Invertebrate Ucides cordatus H D terrestrial yes 
  Ucides occidentalis H terrestrial yes 
  Atherinomorus lacunosus Pl  yes 
  Gerres filamentosus I  yes 
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  Lutjanus argentimaculatus P I  yes 
  Lutjanus argentiventris P I  yes 
IWP  Lutjanus russellii P I  yes 
 Fish Monodactylus argenteus Pl D  yes 
  Siganus canaliculatus H  yes 
  Sillago sihama I  yes 
  Terapon jarbua O (P I H)  yes 
  Cerithidea decollata D benthic  
  Fenneropenaeus indicus O (D Pl I) benthic yes 
 Invertebrate Fenneropenaeus merguiensis P I benthic yes 
  Littoraria intermedia H terrestrial  
  Littoraria pallescens H terrestrial  
  Littorina scabra H D terrestrial  
  Metaplax elegans I benthic  
  Neosarmatium meinerti H terrestrial yes 
  Penaeus monodon I benthic yes 
  Scylla serrata P I benthic yes 
  Terebralia palustris D benthic/ terrestrial  
  Uca annulipes D benthic/ terrestrial  
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  Uca forcipata D benthic/ terrestrial  
  Uca inversa D benthic/ terrestrial  
  Uca urvillei D benthic/ terrestrial  
  
Chanos chanos O 
pelagic/neritic/bent
hic yes 
Global  Sphyraena barracuda P I  yes 
 472 
 473 
Figures 474 
Figure 1. Map of the location of studies from which juvenile fish and invertebrate data were 475 
extracted. Basemap; Global Administrative Areas (2018). GADM database of Global 476 
Administrative Areas, version 3.6. [online] URL: www.gadm.org. 477 
Figure 2. Methodology for assessing whether species commonly found in mangrove areas are 478 
highly affiliated with mangroves. *Only species with seven or more mangrove records were 479 
assessed.  480 
 481 
 482 
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Figure 1 483 
 484 
 485 
Figure 2 486 
 487 
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affiliation. *denotes species for which the designation was changed due to expert review followed by assessment by method 3 to confirm the 
status. Methods in brackets indicate where applied methods disagreed. 
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Species name 
Number of samples by habitat 
Method used 
Mangrove 
affiliation 
References 
Mangrove Seagrass Mudflats Saltmarsh 
Macroalgal 
 beds 
Sand Open water 
Coral 
reef 
Oyster beds Rocky reef 
Abudefduf saxatilis 
(Linnaeus, 1758) 
16 10 4 0 1 0 0 0 0 0 3 (1,2) no* 1–11 
Acanthurus bahianus 
(Castelnau, 1855) 
12 11 2 0 0 0 0 0 0 0 1,2 no 1,2,5–7,9,11–13 
Acanthurus chirurgus 
(Bloch, 1787) 
17 12 2 0 1 0 0 0 0 0 1,2 no 1,2,4,6,7,9–11,13,14 
Acanthurus coeruleus 
(Bloch & Schneider, 1801) 
11 6 0 0 0 0 0 0 0 0 3 (1,2) no 1–3,6,7,12,15 
Achirus lineatus 
(Linnaeus, 1758) 
6 16 8 3 1 0 0 0 0 0 2 yes 8,10,16–32 
Anadara tuberculosa 
(Sowerby, 1833) 
14 0 0 0 0 0 0 0 0 0 3 yes 33–38 
Anisotremus surinamensis 
(Bloch, 1791) 
9 8 2 0 1 0 0 0 0 0 3 (1,2) no 4,6,7,9 
Anisotremus virginicus 
(Linnaeus, 1758) 
11 6 0 0 0 0 0 0 0 0 2 no 1,2,7,9,11,39 
Archosargus probatocephalus 
(Walbaum, 1792) 
7 12 4 3 0 0 0 1 0 0 2 no 14,16-20,22,23,25-28,30,31,40–43 
Archosargus rhomboidalis 
(Linnaeus, 1758) 
11 8 2 0 0 0 0 0 0 0 1,2 no 1,2,7–9,11,14,25,28,39,44 
Arothron immaculatus 
(Bloch & Schneider, 1801) 
10 0 0 0 0 0 0 0 0 0 3 no 45–47 
Atherinomorus lacunosus 
(Forster, 1801) 
8 0 0 0 0 0 0 0 0 0 3 yes 45,47–50 
Bathygobius soporator 
(Valenciennes, 1837) 
9 4 1 1 0 0 0 0 0 0 2 no 16,20,25–29,31,51,52 
Caranx caninus 
(Günther, 1867) 
11 0 0 0 0 0 0 0 0 0 3 no 53,54 
Caranx ignobilis 
(Forsskål, 1775) 
12 0 0 0 0 0 0 0 0 0 3 no 46,47,49,50,55 
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Caranx latus 
(Agassiz, 1831) 
6 7 2 0 1 0 0 0 0 0 2 yes 2,4,7,18,25,28,30,31 
Caranx sexfasciatus 
(Quoy & Gaimard, 1825) 
10 2 0 0 0 1 2 0 0 0 3 no 48,53,56–58 
Centropomus parallelus 
(Poey, 1860) 
4 2 0 0 0 0 0 0 0 0 3 no 18,27–29,31,59 
Centropomus undecimalis 
(Bloch, 1792) 
9 5 2 0 1 0 0 0 0 0 2 yes 3,4,16,18,29–31,40,60,61 
Cerithidea cingulata 
(Gmelin, 1791) 
21 1 2 0 0 2 0 0 0 0 2 no 62–69 
Cerithidea decollata 
(Linnaeus, 1767) 
 
11 0 0 0 0 0 0 0 0 0 3 yes 68,69 
Cetengraulis edentulus 
(Cuvier, 1829) 
4 1 0 0 0 0 0 0 0 0 3 yes 27–29,32,59 
Chaetodipterus faber 
(Broussonet, 1782) 
8 5 0 1 0 0 0 0 0 0 2 yes 2,10,14,16,25,26,28–32,59 
Chaetodon capistratus 
(Linnaeus, 1758) 
18 12 4 0 1 0 0 0 0 0 1 yes 1,2,4–9,11,61,70 
Chaetodon striatus 
(Linnaeus, 1758) 
8 4 0 0 0 0 0 0 0 0 3 (1,2) no 2,9,11,28 
Chanos chanos 
(Forsskål, 1775) 
18 0 0 0 0 0 0 0 0 0 3 yes 45–47,53,56 
Chloroscombrus chrysurus 
(Linnaeus, 1766) 
6 3 0 0 0 0 0 0 0 0 2 no 17,28–32,59,71 
Cichlasoma urophthalmus 
(Günther, 1862) 
8 1 0 0 0 0 0 0 0 0 3 no 3,14,16,17,25,40,52,72,73 
Ctenogobius sagittula 
(Günther, 1862) 
12 0 0 0 0 0 0 0 0 0 3 no 53,56,74 
Cyprinodon variegatus 
(Lacepède, 1803) 
11 14 9 22 5 0 0 0 0 0 2 no 
3,8,14,16,17,22,23,26,30,31,40,42,
52,60,72,73,75–82 
Diapterus auratus 
(Ranzani, 1842) 
6 8 2 0 1 0 0 0 0 0 2 yes 4,25,27,28,30,31,40,60,83 
Diodon hystrix 
(Linnaeus, 1758) 
13 0 0 0 0 0 0 0 0 0 3 no 2,3,53,54 
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Eucinostomus currani 
(Zahuranec, 1980) 
11 0 0 0 0 0 0 0 0 0 3 yes 53,56,74 
Eucinostomus dowii 
(Gill, 1863) 
15 0 0 0 0 0 0 0 0 0 3 no 53,54,56 
Eucinostomus entomelas 
(Zahuranec, 1980) 
4 0 0 0 0 0 0 0 0 0 3 no 56 
Eucinostomus gula 
(Quoy & Gaimard, 1824) 
11 16 3 1 1 0 0 0 0 0 2 no 
8–10,14,16,18–21,25,29–31,51,84, 
85 
Eugerres plumieri 
(Cuvier, 1830) 
7 5 4 1 1 0 0 0 0 0 2 no 2,14,16,17,25,30,31,40,84–87 
Favonigobius reichei 
(Bleeker, 1854) 
6 1 0 0 0 1 0 0 0 0 3 no 47,48,58,88,89 
Floridichthys carpio 
(Günther, 1866) 
11 9 2 2 1 0 0 0 0 0 2 no 
3,14,16,17,20–22,30,40,72,73,81, 
84,85 
Fundulus confluentus 
(Goode & Bean, 1879) 
10 0 1 1 0 0 0 0 0 0 3 no 3,14,16,20,40,52,60,72,73,81 
Fundulus grandis 
(Baird & Girard, 1853) 
9 7 5 19 3 0 0 0 0 0 2 no 
14,16,17,20,23,24,26,27,30,31,40, 
42,72,73,75–79,85,90 
Fundulus similis 
(Baird & Girard, 1853) 
7 2 1 3 0 0 0 0 0 0 2 no 14,16,17,23,26,30,72,73,85 
Gambusia holbrooki 
(Girard, 1859) 
7 0 1 2 0 0 0 0 0 0 2 no 16,40,52,60,73,81,85 
Gerres cinereus 
(Walbaum, 1792) 
26 15 6 1 1 0 0 0 0 0 1,2 yes 
1–5,7–9,11,14,21,25,26,40,56,60, 
70,74,84,91 
Gerres filamentosus 
(Cuvier, 1829) 
82 72 36 0 0 0 0 0 0 0 2 yes 46,92,93 
Gerres oyena 
(Forsskål, 1775) 
103 75 36 0 0 1 2 0 0 0 1,2 no 45–47,49,50,57,58,93–96 
Haemulon aurolineatum 
(Cuvier, 1830) 
8 7 1 0 0 0 0 0 0 0 2 no 1,2,5,9,20,70 
Haemulon carbonarium 
(Poey, 1860) 
9 7 2 0 0 0 0 0 0 0 2 no 2,6,8,9,11,61 
Haemulon chrysargyreum 
(Günther, 1859) 
9 6 0 0 0 0 0 0 0 0 3 (1,2) no 2,6,7,9,11 
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Haemulon flavolineatum 
(Desmarest, 1823) 
24 18 4 0 1 0 0 0 0 0 1,2 yes 1,2,4–11,13,61,70,97 
Haemulon parra 
(Desmarest, 1823) 
18 11 2 0 0 0 0 0 0 0 1,2 yes 1–3,7–9,11,14,22,25,61,70,98 
Haemulon plumierii 
(Lacepède, 1801) 
14 17 2 0 0 0 0 0 0 0 1,2 no 1–3,5,7,9–12,20,22,25,30,61 
Haemulon sciurus 
(Shaw, 1803) 
28 24 4 0 1 0 0 0 0 0 1,2 yes 1–9,11,13,14,44,70,91,97,98 
Halichoeres bivittatus 
(Bloch, 1791) 
12 13 2 0 1 0 0 0 0 0 3 (1,2) no 1,2,4,5,7,9,11,30,51,91 
Lagodon rhomboides 
(Linnaeus, 1766) 
10 23 7 10 0 0 0 1 0 0 3 (1,2) no 
2,3,10,14,16,17,19–27,30,31, 
41–43,76,80,84,85,90,99 
Leiognathus equulus 
(Forsskål, 1775) 
9 0 0 0 0 0 0 0 0 0 3 no 46,47,92 
Lethrinus harak 
(Forsskål, 1775) 
14 3 0 0 0 1 2 0 0 0 2 no 46,47,49,50,57,58,95,100,101 
Lile stolifera 
(Jordan & Gilbert, 1882) 
11 0 0 0 0 0 0 0 0 0 3 no 53,56,74 
Littoraria intermedia 
(Philippi, 1846) 
9 0 0 0 0 0 0 0 0 0 3 yes 102 
Littoraria pallescens 
(Philippi, 1846) 
9 0 0 0 0 0 0 0 0 0 3 yes 102 
Littoraria subvittata 
(Reid, 1986) 
9 0 0 0 0 0 0 0 0 0 3 no 102 
Littorina scabra 
(Linnaeus, 1758) 
20 1 2 0 0 2 0 0 0 0 2 yes 63–65,69,102,103 
Lophogobius cyprinoides 
(Pallas, 1770) 
7 1 0 0 0 0 0 0 0 0 3 yes 14,16,40,51,60,70,72,73 
Lucania parva 
(Baird & Girard, 1855) 
11 19 7 19 6 0 0 0 0 0 2 no 
3,10,14,16,17,21,22,24–26,31,40, 
42,43,52,72,73,75,77,78,80–82, 
84,85 
Lutjanus analis 
(Cuvier, 1828) 
8 12 2 0 0 0 0 0 0 0 2 yes 1–3,7–9,28,30,31 
Lutjanus apodus 
(Walbaum, 1792) 
44 16 4 0 1 0 0 0 0 0 1,2 yes 1–14,30,39,61,70,98,104 
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Lutjanus argentimaculatus 
(Forsskål, 1775) 
7 2 0 0 0 1 1 0 0 0 2 yes 46,58,95,101,105 
Lutjanus argentiventris 
(Peters, 1869) 
10 0 0 0 0 1 0 0 1 1 3 (1-2) yes 53,56,106 
Lutjanus cyanopterus 
(Cuvier, 1828) 
10 7 2 0 1 0 0 0 0 0 1,2 yes 2,4,9,25,61,70 
Lutjanus fulviflamma 
(Forsskål, 1775) 
76 59 24 0 0 1 1 0 0 0 2 yes 45–47,57,58,93–95,100,101,107 
Lutjanus griseus 
(Linnaeus, 1758) 
51 31 9 4 2 0 0 1 0 0 3 (1-2) yes 
1–14,16,20–27,30,31,39–41,44,51, 
61,70,76,84,91,98,104,108 
Lutjanus jocu 
(Bloch & Schneider, 1801) 
11 4 0 0 0 0 0 0 0 0 2 yes 1,2,9,14,28,109 
Lutjanus mahogoni 
(Cuvier, 1828) 
12 10 4 0 1 0 0 0 0 0 3 (1-2) no 2,4,6–9,11 
Lutjanus russellii 
(Bleeker, 1849) 
9 1 0 0 0 1 0 0 0 0 3 yes 50,55,58,88,96,110,111 
Lutjanus synagris 
(Linnaeus, 1758) 
8 13 3 0 0 0 0 0 0 0 2 yes 2,9,11,20,22,28,30,91 
Metaplax elegans 
(de Man, 1888) 
9 1 2 0 0 2 0 0 0 0 1,2 yes 63–65,112–114 
Microgobius gulosus 
(Girard, 1858) 
10 16 8 13 1 0 0 0 0 0 2 no 
14,16,17,19–24,26,31,40,43,52,72, 
73,77,78,80–82,84,85 
Micropogonias furnieri 
(Desmarest, 1823) 
3 0 0 0 0 0 0 0 0 0 3 no 18,28,29 
Monodactylus argenteus 
(Linnaeus, 1758) 
53 51 24 0 0 1 1 0 0 0 2 yes 47,55,58,93,96,107 
Mugil cephalus 
(Linnaeus, 1758) 
158 8 7 20 5 1 1 0 0 0 1,2 no 
3,14,16,20,23–27,30,31,40,46,53, 
55,58,60,74–77,79,81,85,90,96, 
99,115–117  
Mugil curema 
(Valenciennes, 1836) 
18 10 5 5 0 0 0 0 0 0 2 no 
8,14,16,18,20,23-25-31,53, 
56,60,71,74,76,77, 84,99,  
Mulloidichthys martinicus 
(Cuvier, 1829) 
11 9 4 0 1 0 0 0 0 0 2 yes 2,4,7–9,11 
Neosarmatium meinerti 
(de Man, 1887) 
35 0 0 0 0 0 0 0 0 0 3 yes 68,118,119 
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Ocyurus chrysurus 
(Bloch, 1791) 
17 17 4 0 1 0 0 0 0 0 1,2 no 1,2,4–9,11–13,30,70 
Oligoplites saurus 
(Bloch & Schneider, 1801) 
11 5 0 1 0 0 0 0 0 0 2 no 16,18,25,27,29–31,53,56,85 
Opisthonema medirastre 
(Berry & Barrett, 1963) 
12 0 0 0 0 0 0 0 0 0 3 no 53,54 
Paratylodiplax blephariskios 
(Stebbing, 1924) 
10 0 0 0 0 0 0 0 0 0 3 no 120–122 
Penaeus indicus 
(Milne Edwards, 1837) 
43 0 0 0 0 1 0 0 0 0 3 yes 94,123–125 
Penaeus merguiensis 
(de Man, 1888) 
31 0 0 0 0 0 0 0 0 0 3 yes 89,124,126–129 
Penaeus monodon 
(Fabricius, 1798) 
41 0 0 0 0 0 0 0 0 0 3 yes 89,94,124,128 
Plotosus lineatus 
(Thunberg, 1787) 
25 1 0 0 0 0 1 0 0 0 3 no 46,47,57,89,94,96 
Poecilia latipinna 
(Lesueur, 1821) 
14 6 2 13 0 0 0 0 0 0 2 no 
3,14,16,17,20,22,24,26,40,52,60, 
72,73,76–78,81,85 
Pseudupeneus maculatus 
(Bloch, 1793) 
10 9 3 0 1 0 0 0 0 0 1,2 no 1,2,4,7,9,70 
Scarus guacamaia 
(Cuvier, 1829) 
12 7 2 0 1 0 0 0 0 0 1,2 yes 2–4,7,9,11 
Scarus iseri 
(Bloch, 1789) 
13 12 5 0 1 0 0 0 0 0 1,2 no 2,4,5,7–9,13,70 
Scatophagus argus 
(Linnaeus, 1766) 
8 0 0 0 0 0 0 0 0 0 3 no 55,88,89,92,96 
Scylla serrata 
(Forskål, 1775) 
18 0 0 0 0 0 0 0 0 0 3 yes 114,126,130–134 
Selene vomer 
(Linnaeus, 1758) 
4 5 0 0 0 0 0 0 0 0 2 no 25,27,28,30–32,59 
Siganus canaliculatus 
(Park, 1797) 
10 0 0 0 0 0 0 0 0 0 3 yes 46,47,49,50,92,101 
Siganus sutor 
(Valenciennes, 1835) 
62 57 24 0 0 0 0 0 0 0 1,2 no 46,93,95,100,107 
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Sillago sihama 
(Forsskål, 1775) 
9 0 0 0 0 0 0 0 0 0 3 yes 45–47,92 
Sparisoma aurofrenatum 
(Valenciennes, 1840) 
11 8 2 0 1 0 0 0 0 0 2 no 1,2,4,5,9 
Sparisoma radians 
(Valenciennes, 1840) 
12 7 2 0 1 0 0 0 0 0 1,2 no 1,2,4,7,9,14 
Sparisoma rubripinne 
(Valenciennes, 1840) 
10 7 2 0 1 0 0 0 0 0 1,2 yes 1,2,4,9,10 
Sparisoma viride 
(Bonnaterre, 1788) 
14 9 2 0 1 0 0 0 0 0 1,2 no 1–4,6,7,9,12 
Sphoeroides testudineus 
(Linnaeus, 1758) 
5 2 1 0 0 0 0 0 0 0 2 no 1,3,10,18,25,61,70 
Sphyraena barracuda 
(Edwards, 1771) 
89 69 29 0 0 1 2 0 0 0 1,2 yes 
1,2,4,5-10,11,14,25,30,31,39,40, 
45,46,50,3,55,57,58,61,70,84, 
91–93,96,98  
Stegastes leucostictus 
(Müller & Troschel, 1848) 
12 8 2 0 1 0 0 0 0 0 3 (1,2) no 1,2,4,7,9,11 
Stolephorus indicus 
(van Hasselt, 1823) 
4 0 0 0 0 0 0 0 0 0 3 no 46,92 
Strongylura notata 
(Poey, 1860) 
8 12 0 0 0 0 0 0 0 0 2 no 
2,3,10,14,16,21,22,25,27,30,31,40,
72,73 
Strongylura timucu 
(Walbaum, 1792) 
7 5 0 0 0 0 0 0 0 0 2 no 11,14,18,25,27,30–32,59 
Terapon jarbua 
(Forsskål, 1775) 
9 2 0 0 0 1 2 0 0 0 1,2 yes 47,50,55,57,58,89,96,115 
Terebralia palustris 
(Linnaeus, 1767) 
13 0 0 0 0 0 0 0 0 0 3 yes 68,69,135,136 
Thalassoma bifasciatum 
(Bloch, 1791) 
9 8 2 0 1 0 0 0 0 0 2 no 2,4,5,7,9,10 
Uca annulipes 
(Milne Edwards, 1837) 
14 0 0 0 0 0 0 0 0 0 3 yes 64,68,113,114,119,137–139 
Uca forcipata 
(Adams & White, 1849) 
9 1 2 0 0 3 0 0 0 0 1,2 yes 63–65,112,113,140 
Uca inversa 
(Hoffmann, 1874) 
7 0 0 0 0 0 0 0 0 0 3 yes 68,141 
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Uca urvillei 
(Milne Edwards, 1852) 
10 1 2 0 0 3 0 0 0 0 1,2 yes 63,65,68,140,142 
Ucides cordatus 
(Linnaeus, 1763) 
15 0 0 0 0 0 0 0 0 0 3 yes 103,143–145 
Ucides occidentalis 
(Ortmann, 1897) 
41 0 0 0 0 0 0 0 0 0 3 yes 36,75,146 
Upeneus tragula 
(Richardson, 1846) 
6 0 0 0 0 0 0 0 0 0 3 no 46 
              
TOTAL 2075 1018 358 145 51 25 15 3 1 1    
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Species 
Reason for 
method 3 
Evidence of mangrove affiliation 
Highly 
mangrove 
affiliated 
References 
Abudefduf saxatilis 
Disagreement 
between expert 
review and 
methods 1 & 2 
Strongly affiliated with coral reefs 
throughout its range. Whilst mangroves 
may be used as a juvenile nursery, 
shallow reefs and seagrass are more 
important habitats for this life stage. No 
strong evidence of mangrove affiliation. 
no 1–6 
Acanthurus 
coeruleus 
Method 1-2 
disagreement 
Whilst juveniles are sometimes a 
dominant species in mangrove areas, 
they do not show a clear preference for 
any one habitat. In some regions, this 
species is nearly absent from mangrove 
habitats. 
no 1,3,7–10 
Anadara 
tuberculosa 
Insufficient 
non-mangrove 
records 
Primarily found in mud sediments in and 
around mangrove margins, mostly near 
Rhizophora forests. 
yes 11–15 
Anisotremus 
surinamensis 
Method 1-2 
disagreement 
Very low density in mangrove habitats in 
several sites throughout the Caribbean. 
no 1,7,10 
Arothron 
immaculatus 
Insufficient 
non-mangrove 
records 
Found in mangroves and seagrass. 
Seagrass beds are likely the principal 
nursery and feeding ground, with little 
evidence of particular dependence on 
mangroves. 
no 16–20 
Atherinomorus 
lacunosus 
Insufficient 
non-mangrove 
records 
Commonly found in high densities in 
mangrove areas. Listed by Wainaina 
(2013) as mangrove-dependent, with 
mangroves used as a nursery, feeding 
and breeding ground. In contrast, 
Ochiewo (2012) refers to coral reefs as 
the principal habitat for adults. Overall, 
due to its importance for juveniles, 
mangrove affiliation can be concluded. 
yes 18,21–25 
Caranx caninus 
Insufficient 
non-mangrove 
records 
Whilst a mangrove resident, insufficient 
evidence to conclude its actual 
dependency on, or affiliation for, 
mangrove habitats specifically. 
no 26–31 
Caranx ignobilis 
Insufficient 
non-mangrove 
records 
An estuarine resident, found in creeks 
and mangrove areas, but with no specific 
affiliation with mangrove habitats. 
Viable populations also seen in non-
mangrove areas. Other habitats include 
seagrass, mudflats and coral reef. 
no 18,25,32–36 
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Caranx sexfasciatus 
Insufficient 
non-mangrove 
records 
Conflicting evidence: Lugendo et al. 
(2005) refers to mangroves as a primary 
habitat whereas Ochiewo et al. (2012) 
and González-Acosta et al. (2015) 
suggest that this species is rarely found 
in mangroves. Mangrove affiliation 
cannot be concluded from such 
conflicting evidence. 
no 18,33,37–42 
Centropomus 
parallelus 
Insufficient 
non-mangrove 
records 
Juveniles commonly found in 
mangroves, with the suggestion that loss 
of mangroves threatens population 
viability. However, this species appears 
to be affiliated with estuarine habitats, 
and not mangroves specifically. 
no 43–47 
Cerithidea decollata 
Insufficient 
non-mangrove 
records 
Whilst found in several coastal habitats, 
including saltmarsh, this species is 
primarily affiliated with mangrove 
habitats, specifically Avicennia belts. 
yes 48–54 
Cetengraulis 
edentulus 
Insufficient 
non-mangrove 
records 
Mangroves are an important recruitment 
site for juveniles, with the area adjacent 
to mangroves perhaps representing an 
adult feeding ground. 
yes 55–59 
Chaetodon striatus 
Method 1-2 
disagreement 
Studies in Honduras suggest mangrove 
dependency. However, it is not possible 
to conclude mangrove affiliation across 
the species’ entire range. 
no 60,61 
Chanos chanos 
Insufficient 
non-mangrove 
records 
Whilst adults are found in diverse 
habitats, including coral reef and 
freshwater lagoons, juveniles under 30 
cm in length seem to be specifically 
associated with mangrove habitats. 
Mangrove affiliation concluded, 
although further evidence would 
improve confidence. 
yes 18,62–64 
Cichlasoma 
urophthalmus 
Insufficient 
mangrove 
records 
Found in various habitats, including 
estuaries and man-made channels. 
Considered an invasive species due to its 
ability to colonise multiple habitats. 
Therefore, mangrove affiliation cannot 
be concluded. 
no 65–68 
Ctenogobius 
sagittula 
Insufficient 
mangrove 
records 
A dominant species in mangrove areas 
but not restricted to this habitat, also 
found in sandy bays without mangroves. 
Overall, mangrove affiliation cannot be 
concluded. 
no 69–71 
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Diodon hystrix 
Insufficient 
mangrove 
records 
Whilst a common mangrove predator in 
some areas, it is absent from mangrove 
regions in other parts of its range. 
Seagrass beds are preferentially used as a 
nursery.  
no 4,10,72,73 
Eucinostomus 
currani 
Insufficient 
mangrove 
records 
A dominant mangrove species, 
specifically affiliated with this habitat, 
that uses estuarine areas as a nursery 
ground. Therefore, overall mangrove 
affiliation can be concluded. 
yes 37,69,71,74–76 
Eucinostomus dowii 
Insufficient 
mangrove 
records 
Abundant in lagoons and thought to be 
associated with mangroves, but with 
insufficient evidence to conclude 
affiliation. 
no 37,69,77,78 
Eucinostomus 
entomelas 
Insufficient 
mangrove 
records 
Juveniles are commonly found in 
mangroves and the species is considered 
ecologically dominant in this habitat. 
However, juveniles are found in soft-
substrate coastal areas generally, with 
insufficient evidence to conclude 
affiliation. 
no 71,78,79 
Favonigobius 
reichei 
Insufficient 
mangrove 
records 
A creek resident found in various 
estuarine and coastal habitats, 
particularly seagrass, with no apparent 
affiliation for mangroves specifically. 
no 25,38,80,81 
Fundulus 
confluentus 
Insufficient 
mangrove 
records 
Whilst abundant in mangroves and 
labelled by Serafy et al. (2003) as unique 
to mangrove habitats, there is 
insufficient evidence to conclude overall 
species mangrove affiliation. Data from 
FishBase and IUCN refer to 'grassy 
backwaters' and 'brackish bays' but not 
mangroves specifically.  
no 82–86 
Haemulon 
chrysargyreum 
Method 1-2 
disagreement 
Conflicting evidence. Juveniles common 
in mangroves in some parts of its range, 
but little evidence of actual mangrove 
affiliation. Nagelkerken found no 
dependence in Bonaire (2003) and little 
dependence in Curaçao.  
no 1,10,87–91 
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Halichoeres 
bivittatus 
Method 1-2 
disagreement 
Whilst this species may use mangroves 
as a nursery, no life stage is strongly 
affiliated with this habitat. Seagrass beds 
may be more important as a nursery. 
Adults primarily reef-associated. 
no 8,9,61,85,89,91 
Lagodon 
rhomboides 
Method 1-2 
disagreement 
Appears to be associated with mangrove 
and seagrass throughout its range. Whilst 
there are indications of mangrove 
dependence, neither method 1 nor 
method 2 support this. Therefore, 
mangrove affiliation cannot be 
concluded.  
no 2,85,92–95 
Leiognathus equulus 
Insufficient 
mangrove 
records 
An offshore spawner, juveniles are 
recruited to estuarine habitats, including 
mangroves. Robertson & Duke (1990) 
suggest mangrove dependence whilst 
Wainaina (2013) concludes the opposite. 
Overall, not possible to conclude 
mangrove affiliation. 
no 18,25,96–98 
Lile stolifera 
Insufficient 
mangrove 
records 
Frequently caught in mangroves, 
juveniles appear to be estuarine-
dependent. However, adults are mostly 
pelagic and there is insufficient 
information to conclude overall 
mangrove affiliation. 
no 59,75,99,100 
Littoraria 
intermedia 
Insufficient 
mangrove 
records 
Found primarily in mangroves, with few 
records from other habitats such as 
saltmarsh.  
yes 101–105 
Littoraria 
pallescens 
Insufficient 
mangrove 
records 
Appear to be found only in mangrove 
habitats, primarily on leaves towards the 
seaward side of mangrove forests. 
yes 106–110 
Littoraria subvittata 
Insufficient 
mangrove 
records 
Whilst possibly mangrove dependent, 
this is impossible to conclude due to a 
lack of information. 
no 111,112 
Lophogobius 
cyprinoides 
Insufficient 
mangrove 
records 
Common in mangroves, ingesting 
primarily mangrove-derived detritus, 
with no mention of other habitats.  
yes 61,113–115 
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Lutjanus 
argentiventris 
Method 1-2 
disagreement 
Uses mangroves nearly exclusively as a 
juvenile nursery, showing ontogenetic 
shift from mangroves to coral reef 
throughout its range. Due to its 
importance for juveniles, mangrove 
affiliation can be concluded. 
yes 27,77,116–120 
Lutjanus griseus 
Method 1-2 
disagreement 
Overall mangrove-affiliated, depending 
on the habitat as a juvenile nursery. 
Mangroves may also function as an adult 
resting and spawning area. In most 
studies, the highest densities of this 
species were measured in or adjacent to 
mangrove areas 
yes 1,8,121–127 
Lutjanus mahogoni 
Method 1-2 
disagreement 
Little evidence of mangrove affiliation, 
with seagrass and coral reef representing 
more important habitats throughout most 
of the species’ range. 
no 1,90,125,126,128 
Lutjanus russellii 
Insufficient 
mangrove 
records 
Whilst adults are found primarily on 
coral reef, juveniles are found almost 
exclusively in mangroves. With no size 
overlap between individuals found in the 
two habitats, mangrove affiliation and 
dependence can be concluded. 
yes 88,129–133 
Micropogonias 
furnieri 
Insufficient 
mangrove 
records 
Whilst individuals (particularly 
juveniles) can be found in mangroves, 
this is not their primary habitat. Feeding 
areas and nurseries are typically in 
estuarine areas, with no requirement of 
adjacent mangroves. Mangrove areas 
may, in fact, be unsuitable for this 
species. 
no 134–138 
Neosarmatium 
meinerti 
Insufficient 
mangrove 
records 
Burrows typically found in the intertidal 
belt associated with mangroves, and 
mangrove leaves may represent a 
primary source of food.  
yes 139–142 
Opisthonema 
medirastre 
Insufficient 
mangrove 
records 
Whilst found in estuarine areas, there is 
no mention of mangrove habitats. 
Moreover, the lack of information for 
this species prevents conclusions about 
habitat preference 
no 28,59 
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Paratylodiplax 
blephariskios 
Insufficient 
mangrove 
records 
Found in estuaries, lagoons and brackish 
seas.  Whilst often sighted adjacent to 
mangrove areas, it cannot be classified 
as mangrove-affiliated. 
no 143,144 
Penaeus indicus 
Insufficient 
mangrove 
records 
Displays a preference for, and perhaps a 
confinement to, mangroves. Particularly 
important as a nursery for juveniles, 
which may spend several months solely 
in mangrove areas. 
yes 18,145–147 
Penaeus 
merguiensis 
Insufficient 
mangrove 
records 
Strong evidence supporting the use of 
mangroves and adjacent areas as 
nurseries for postlarvae, indicating clear 
mangrove dependence. 
yes 148–155 
Penaeus monodon 
Insufficient 
mangrove 
records 
Whilst postlarvae may settle on various 
habitats, including seagrass, mangroves 
appear to be the primary nursery for 
juveniles. Overall, strong support for 
mangrove affiliation. 
yes 156–159 
Plotosus lineatus 
Insufficient 
mangrove 
records 
Found in various habitats, including 
mangroves, reefs and seagrass. Whilst 
mangroves are used as a nursery, 
seagrass may be the primary habitat for 
juveniles. Overall, insufficient evidence 
for mangrove affiliation. 
no 
16,18,25,160–
162 
Scatophagus argus 
Insufficient 
mangrove 
records 
Commonly found in mangrove areas, 
perhaps representing an important 
nursery ground in some areas. However, 
due its presence in many other 
ecosystems (including coral reefs, 
seagrass, mudflats and rocky coastline), 
there is likely high flexibility in habitat 
requirements. 
no 129,163–166 
Scylla serrata 
Insufficient 
mangrove 
records 
Juveniles and possibly adults primarily 
found in mangroves and adjacent 
mudflats. Adults spend most of their 
lives in mangrove creeks and destruction 
of mangrove areas may have serious 
impacts on population viability. 
Therefore, sufficient evidence of 
mangrove affiliation. 
yes 167–172 
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Siganus 
canaliculatus 
Insufficient 
mangrove 
records 
Whilst Unsworth & Richard (2009) 
suggest that this species is more 
representative of seagrass than 
mangroves, other studies indicate clear 
mangrove dependence. In particular, 
mangrove areas are used as a principal 
juvenile nursery. Therefore, despite the 
importance of seagrass beds, mangrove 
affiliation is likely. 
yes 18,24,25,97,173 
Sillago sihama 
Insufficient 
mangrove 
records 
Mangroves areas important for feeding 
and as a nursery, with a high density of 
juveniles. Adults found primarily on 
coral reef. Overall, this species is 
mangrove-affiliated. 
yes 18,25,34,174,175 
Stegastes 
leucostictus 
Method 1-2 
disagreement 
Whilst juveniles are commonly found in 
mangroves, they are not specifically 
affiliated with this habitat and are also 
found in seagrass beds and coral reefs 
throughout its range. 
no 
8,61,115,176–
179 
Stolephorus indicus 
Insufficient 
mangrove 
records 
Whilst found primarily in shallow 
coastal habitats and apparently estuarine-
dependent, no specific affiliation for 
mangroves is documented.  
no 180–184 
Terebralia palustris 
Insufficient 
mangrove 
records 
Near-total dependence on mangroves, 
with no records of other habitats found. 
Its diet consists primarily of mangrove 
leaf litter. 
yes 151,185–191 
Uca annulipes 
Insufficient 
mangrove 
records 
A dominant mangrove crab, with no 
other specific habitats mentioned. 
Despite a general lack of literature on 
this species, mangrove affiliation can be 
concluded. 
yes 192–195 
Uca inversa 
Insufficient 
mangrove 
records 
Despite one paper suggesting no 
mangrove dependence (Vannini 2006), 
overall the literature supports strong 
mangrove affiliation. Found primarily 
(or exclusively in some regions) within 
and adjacent to mangrove areas. Burrows 
are found in sandy areas above 
mangrove forests. Overall, mangrove 
affiliation can be concluded. 
yes 54,196–202 
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Table showing species with ≥60% and <70% mean density in mangrove habitats from either method 
one or method two, and their resulting assessment by method three. 
Species 
Method producing 
60-70% mangrove 
density 
Mangrove 
affiliation 
after review 
Evidence 
Number of studies 
supporting, disproving 
mangrove affiliation 
References 
Acanthurus 
chirurgus 
1 no 
Mangroves used as a 
juvenile nursery but no 
preference shown for 
mangroves over seagrass. 
Specific mangrove 
affiliation therefore 
unlikely. 
2,7 
(Nagelkerken et al. 2000b, 
Cocheret de la Morinière et al. 
2002, Nagelkerken and van 
der Velde 2002, Dorenbosch 
et al. 2004, Nagelkerken and 
Velde 2004, Aguilar-Perera 
and Appeldoorn 2007, Sierra-
Rozo et al. 2012, Carreón-
Palau et al. 2013) 
Anisotremus 
virginicus 
2 no 
Found in higher densities 
in other habitats such as 
seagrass and rocky 
structures. Little evidence 
of mangrove affiliation. 
0,3 
(Yáñez-Arancibia et al. 1993, 
Aguilar-Perera and 
Appeldoorn 2008, Drew and 
Eggleston 2008, Xavier et al. 
2012) 
Archosargus 
rhomboidalis 
1,2 no 
Evidence of association 
with both mangrove and 
seagrass habitats. Due to a 
number of papers 
suggesting higher 
densities in seagrass, 
mangrove affiliation 
cannot be concluded. 
4,4 
(Baelde 1990, Dennis 1992, 
Yáñez-Arancibia et al. 1993, 
Nagelkerken et al. 2001, 
Dorenbosch et al. 2004, Vaslet 
et al. 2007, Aguilar-Perera and 
Appeldoorn 2008, 
Hammerschlag and Serafy 
2010, Hammerschlag et al. 
2010) 
Chaetodon 
capistratus 
2 yes 
Strong evidence of 
affiliation for mangroves 
over other habitats, with 
higher densities in 
mangrove creeks than 
other areas. Mangrove 
removal reduces density. 
Supported by >80% mean 
mangrove density from 
method 1. 
10,1 
(Weinstein and Heck 1979, 
Sedberry and Carter 1993, 
Nagelkerken et al. 2000a, 
2001, Layman and Silliman 
2002, Christensen et al. 2003, 
Dorenbosch et al. 2004, 
Layman et al. 2004, 
Gratwicke et al. 2006, 
Aguilar-Perera and 
Appeldoorn 2007, Taylor et 
al. 2007, Sierra-Rozo et al. 
2012, Hylkema et al. 2015) 
Chloroscombrus 
chrysurus 
2 no 
Whilst associated with 
mangrove and seagrass 
habitats, insufficient 
information to conclude 
mangrove affiliation. 
1,0 
(Yáñez-Arancibia et al. 1993, 
Vaslet et al. 2007, 2010) 
Gerres oyena 2 no 
Conflicting evidence: 
some studies suggest 
mangrove dependence 
whereas others show 
higher densities in 
mudflats, seagrass and 
sandy areas. Overall, 
mangrove affiliation 
cannot be concluded, 
supported by <50% mean 
density from method 1. 
4,5 
(Pinto and Punchihewa 1996, 
Huxham et al. 2004, Lugendo 
et al. 2006, 2007, Crona and 
Rönnbäck 2007, Tse et al. 
2008, Shibuno et al. 2008, 
Unsworth et al. 2009, 
Mwandya et al. 2009, 2010, 
Mirera et al. 2010, Nip and 
Wong 2010, Wainaina et al. 
2013) 
Haemulon 
carbonarium 
2 no 
Low densities or complete 
absence in mangroves 
suggests no affiliation for 
0,3 
(Nagelkerken et al. 2000b, 
2001, Aguilar-Perera and 
Appeldoorn 2008) 
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Table with species identified by experts as likely to be highly mangrove affiliated, but which 
had insufficient records for assessment. These species have not been quantitatively confirmed 
to be highly mangrove affiliated. 
 
Species 
Number of samples in 
mangrove dataset 
Abudefduf troschelii (Gill, 1862) 0 
Acanthopagrus australis (Günther, 1859) 4 
Acanthopagrus pacificus Iwatsuki, Kume & 
Yoshino, 2010 0 
Acanturus xanthopterus Valenciennes, 1835 0 
Arothron stellatus (Anonymous, 1798) 0 
Batrachoides pacifici (Günther, 1861) 1 
Batrachoides surinamensis (Bloch & 
Schneider, 1801) 5 
Butis butis (Hamilton, 1822) 5 
Caranx caballus (galapagos) Günther, 1868 0 
Carcinoscorpius rotundicauda (Latreille, 
1802) 0 
Centropomus armatus Gill 1863 2 
Coilia dussumieri Valenciennes 1848 0 
Coilia neglecta Whitehead, 1967 0 
Coilia ramcarati (Hamilton, 1822) 0 
Diapterus peruvianus (Cuvier, 1830) 3 
Epinephelus coioides (Hamilton, 1822) 3 
Epinephelus malabaricus (Bloch & 
Schneider, 1801) 0 
Episesarma spp. (e.g. versicolor) de Man, 
1895 0 
Haemulon scudderii Gill 1862 0 
Haemulon sexfasciatum Gill, 1862 4 
Leiognathus bindus (Valenciennes, 1835) 0 
Leiognathus fasciatus (Lacepède, 1803) 1 
Lethrinus erythropterus Valenciennes 1830 2 
Lethrinus lentjan (Lacepède, 1802) 6 
Liza subviridis (Valenciennes, 1836) 4 
Lutjanus aratus (Günther, 1864) 4 
Lutjanus fulvus (Forster, 1801) 5 
Lutjanus guttatus (Steindachner, 1869) 1 
Lutjanus johnii (Bloch, 1792) 4 
Lutjanus malabaricus (Bloch & Schneider, 
1801) 0 
Lutjanus novemfasciatus Gill 1862 0 
Lutjanus sanguineus (Cuvier, 1828) 1 
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Metograpsus spp. (e.g., gracilipes) 
Edwards, 1853 0 
Mycteroperca olfax (galapagos) (Jenyns, 
1840) 0 
Nerita balteata  Reave, 1855 (previously 
Nerita lineata Gmelin, 1791) 0 
Penaeus semisulcatus de Haan, 1844 5 
Pesudomugil signifier Kner 1866 0 
Petrolisthes kranjiensis Johnson, 1970 0 
Pinjalo pinjalo (Bleeker, 1850) 0 
Plectorhinchus albovittatus (Rüppell, 1838) 1 
Plectorhinchus gibbosus (Lacepède, 1802) 3 
Plotosus canius Hamilton 1822 1 
Polynemus paradiseus Linnaeus 1758 0 
Scarus ghobban (mex and galapagos) 
Forsskål 1775 5 
Scylla olivacea (Herbst, 1896) 0 
Selatium brockii (de Man, 1887) 0 
Setipinna phasa (Hamilton, 1822) 0 
Setipinna taty (Valenciennes 1848) 0 
Stolephorus tri (Bleeker 1852) 0 
Siganus javus (Linnaeus, 1766) 4 
Sillago domina (Hamilton, 1822) 0 
Sphoeroides annulatus (Jenyns, 1842) 5 
Stegastes arcifrons (galapagos) (Heller & 
Snodgras, 1903) 0 
Stolephorus tri (Bleeker, 1852) 0 
Strongylura strongylura (van Hasselt, 1823) 3 
Terapon theraps Cuvier, 1829 3 
Thalassina anomala Herbst, 1804 2 
Toxotes jaculatrix (Pallas, 1767) 3 
Wolffogebia phuketensis Sakai, 1982 0 
Yarica hyalosoma (previously Apogon) 
(Bleeker 1852) 3 
Zenarchopterus dispar (Valenciennes, 
1847) 2 
 
 
